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ABSTRACT 
Salamanders are important components of many forested 
communities. However, their fossorial habits and seasonality often make 
them difficult to sample. The use of artificial coverboards (coverboards) 
is a relatively new and little-studied technique for monitoring the 
terrestrial activity of salamanders Coverboards are designed to simulate 
fallen tree limbs and logs, and to provide a moist refuge for forest 
salamanders. Despite several studies, questions remain concerning the 
value of coverboards. Therefore, I conducted an experiment in 1996- 
1997 to determine whether coverboards are as effective for sampling 
salamanders as searching natural cover objects such as logs and 
branches. Using a paired design, I established five sites, each containing 
two 1-ha grids separated by 20 m. One of the grids contained only 
natural debris while the other grid contained natural debris and 100 
individually numbered coverboards (30.4 x 30.4 x 2 cm) each placed 10 
m apart. During the spring (26 April - 6 June) and fall (25 September - 7 
November) of 1997, the paired grids (coverboards and natural cover) 
were checked every 1-2 weeks at each site for any salamander species. 
Encounter rates were significantly lower under coverboards (0.8 
salamanders per site check ±0.15 SE) than under natural cover (2.3 
salamanders per site check ±0.34 SE). However, searches under 
coverboards detected most of the same species (Plethodon 
glutinosus ocmulgee, Eurycea cirrigera, E. quadridigitata, and E. 
guttolineata) as found under natural cover (P. g. ocmulgee, E. 
cirrigera, E. quadridigitata, E. guttolineata, and Ambystoma opacum). 
Salamander size/age under coverboards (mean=4.32 cm ±0.22 SE) 
was also the same as salamander size/age under natural cover 
(mean=4.34 cm ±0.33 SE). The number of salamanders found under 
coverboards was dependent on rainfall and site. Coverboards did not 
reproduce the same physical characteristics of natural cover. The 
temperature under coverboards fluctuated more than the 
temperature under natural cover. 
This is the first comparative study to quantify salamanders 
sampled by an array of coverboards and that sampled by an adjacent 
grid of natural cover objects. It was also the first to quantify the 
thermal microclimate under coverboards compared to natural cover. 
Overall, my results show that coverboards can effectively sample 
salamanders that normally occur under natural cover (in terms of 
species and size/age), although they detect fewer individuals. There 
is a positive relationship in the number of salamanders encountered 
under coverboards and rainfall in southeast Georgia. 
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Chapter 1 
INTRODUCTION 
Ecological Importance of Salamanders 
Salamanders are important components of many forest 
communities in the eastern United States. For example, woodland 
salamanders of the genus Plethodon may occur in densities of 
several thousand individuals per hectare (Merchant 1972). In some 
areas, their total biomass exceeds that of all small mammals 
combined and is twice that of all bird species during the peak of the 
avian breeding season (Burton and Likens 1975). Salamanders 
function as predators of small invertebrates and serve as prey for 
snakes, small mammals, birds, and other salamanders (Brodie et al. 
1979, Ernst and Barbour 1989). 
In addition to their abundance, salamanders are thought to be 
good indicator species for the health of terrestrial and aquatic 
ecosystems (Fellers and Drost 1994). An indicator species is any 
plant or animal species that is of narrow ecological amplitude with 
respect to one or more environmental factors and which is, when 
present, therefore indicative of a particular environmental condition 
or set of conditions (Allaby 1994). Salamanders are potentially 
valuable indicator organisms for a number of reasons. First, 
1 
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salamanders are good monitors of local conditions because they 
remain in fairly confined regions for their entire lives (Merchant 
1972). Second, they are in intimate contact with their physical 
environment. For example, adult salamanders have moist, permeable 
skin that makes them susceptible to absorption of environmental 
contaminants. Similarly, the eggs of salamanders do not have 
shells, but have a clear coat of protective jelly. Depending on the 
species, these unshelled eggs are directly exposed to the soil, 
water, and/or sunlight where they are susceptible to environmental 
conditions (e.g., Blaustein et al. 1994). Finally, the biphasic life 
cycle of many salamanders means that they depend on the health of 
both aquatic and terrestrial habitats. 
Because of their abundance and value as indicator species, 
long-term studies of salamanders are important. However, few 
long-term studies have been conducted on salamander populations. 
Jaeger (1972, 1980) has been monitoring Plethodon cinereus and P. 
shenandoah populations in Virginia for over 14 years. Populations of 
P. cinereus have remained steady, whereas P. shenandoah populations 
have declined to near extinction. The Flatwoods Salamander 
(Ambystoma cingulatum) was monitored for over 22 years in Liberty 
County, Florida (Means et al. 1996). Nightly migrations of 200-300 
individuals were observed during 1970-1972, as opposed to the less 
than one individual per night, during 1990-1992. 
3 
These declines are consistent with data showing widespread 
population declines in many amphibians (Pounds and Crump 1994, 
Drost and Fellars 1996, Fisher and Shaffer 1996, Laurance et al. 
1996). Researchers have suggested that the decline of salamander 
populations is due to a combination of contributing factors. These 
factors include habitat destruction and fragmentation, increased 
UV-B radiation, pollution, and introduction of exotic species 
(Blaustein and Wake 1990, 1995; Blaustein et al. 1993). Without 
more long-term studies from a variety of regions, however, it is 
difficult to distinguish between declines that are due to natural 
population fluctuations and those induced by anthropogenic causes 
(Pechmann et al. 1991). 
Because of these putative declines, the Board on Biology of the 
National Research Council (USA) held a two-day workshop in 1990 to 
investigate whether there was, in fact, an overall decline in 
amphibian populations and, if so, to assess the causes. This 
workshop established the Declining Amphibian Populations Task 
Force, as a part of the Species Survival Commission of the 
International Union for the Conservation of Nature and Natural 
Resources (Fellers and Drost 1994). The Patuxent Wildlife Research 
Center has established a terrestrial salamander monitoring program 
that involves volunteers concerned with these declines. All of these 
efforts have emphasized the need for standardized methods for the 
long-term study of amphibian populations. 
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Monitoring Techniques 
Because of their small size and fossorial habits, developing 
appropriate monitoring techniques for salamanders is difficult. One 
of the most successful techniques has been drift fences and pitfall 
traps (Gibbons and Semlitsch 1982). Drift fences, which direct 
individual salamanders into adjacent pitfall traps, are usually 
placed around breeding sites. Thus, drift fences and pitfall traps are 
excellent tools to monitor breeding migrations as salamanders move 
into and out of ephemeral breeding ponds. However, not all 
salamanders breed in ephemeral ponds or other discrete sites. This 
method is also time and labor intensive and can result in injury to 
captured individuals due to drowning, overheating, or predation 
(Gibbons and Semlitsch 1982). Another popular monitoring method 
is called "time-constrained searching" (Campbell and Christman 
1982). This method involves timed, opportunistic searching by a 
trained collector or team. The areas searched are under natural 
debris where salamanders normally occur. However, because of the 
variation in the efficiency of each observer, it may prove difficult 
to compare encounter rates among search teams and/or collectors. 
Also, the natural debris that is lifted in this method may become 
damaged and reduce the available microhabitats for salamanders. 
Because of the problems associated with these methods, 
Fellers and Drost (1994) proposed using artificial coverboards 
(hereafter, coverboards) as a method for studying salamanders. 
5 
Fellers and Drost suggested that wooden coverboards, added to the 
environment in standard arrays, can sample salamanders because 
they take cover beneath natural surface objects. 
Coverboards 
Coverboards are designed to simulate fallen tree limbs, logs, 
or other debris and to provide a cool, moist refuge for forest 
salamanders. They offer a number of potential advantages as a 
sampling technique. First, coverboards can be added to the 
environment in standard arrays for sampling a targeted terrestrial 
organism over a known area. Second, there is little between- 
observer bias (as opposed to the time-constrained method) because 
there is a fixed number of discrete objects that must be searched. 
Third, coverboards may allow for the development of a reliable index 
of population sizes for salamanders. Finally, this technique limits 
the damage done by repeatedly lifting logs or other natural debris 
(Fellers and Drost 1994). 
Coverboards have been used to estimate patterns of diversity 
and the relative abundance of salamanders (Grant et al. 1992, 
DeGraaf and Yamasaki 1992). Grant et al. (1992) used coverboards 
(0.66 x 1.33 m) to assess salamander populations in bottomland 
hardwood forest, upland pine stands, old-field habitats, and along 
the borders of wetlands in South Carolina. However, compared to 
3,390 salamanders caught with drift fences, only 242 (less than 7%) 
were observed under coverboards (Grant et al. 1992). Of the two 
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species encountered under coverboards (compared to five species 
detected with drift fences), the slimy salamander (Plethodon 
glutinosus) accounted for over 97% of the salamanders. 
DeGraaf and Yamasaki (1992) also used artificial coverboards 
(1 m x 20 cm x 2.5 cm) to sample populations of terrestrial 
salamanders. They placed coverboards along 270-m transects 
through 12 northern hardwood stands of different ages in New 
Hampshire. The results suggested that there was a significantly 
higher number of salamanders in the older stands than the young 
stands. DeGraaf and Yamasaki (1992) concluded that coverboards 
were a useful tool for evaluating changes in the abundance and 
surface activity of terrestrial salamanders in managed forests. 
Despite these studies, several questions remain concerning the 
use of coverboards. For example, do coverboards provide a 
representative sample of the salamanders in a given area? We know 
that only those salamanders using the coverboards at any given time 
can be encountered and sampled. It is unknown whether this sample 
is representative (in terms of species, size, age, etc.) of that in the 
area as a whole or that would be sampled by searching natural cover 
objects. It is also unknown how fast coverboards accumulate 
salamanders. In other words, can they be used as a short-term 
sampling technique or do they require a substantial "waiting period" 
before they attract salamanders. No studies document whether 
7 
coverboards provide the same physical environments (temperature, 
humidity) as do natural cover objects. Finally, regional variation in 
the effectiveness of coverboards has received little attention. 
Objectives 
Because a number of questions remain concerning the use of 
coverboards, the overall objective of this study is to evaluate the 
value of coverboards as a method of sampling the abundance and 
activity of terrestrial salamanders. To meet this objective, I 
conducted a comparative study in which I quantified the salamander 
community sampled by an array of coverboards and that sampled by 
an adjacent grid of natural cover objects. I addressed five specific 
questions: (1) Do coverboards detect the same number of 
salamanders as those found under natural cover? (2) Do coverboards 
detect the same species of salamanders as those found under natural 
cover? (3) Are salamanders found under coverboards the same 
size/age as those found under natural cover? (4) How rapidly do 
salamanders occupy coverboards? (5) Are the physical 
characteristics the same between coverboards and natural cover? 
Chapter 2 
MATERIALS AND METHODS 
Study Sites 
This study was conducted at five sites in Jenkins County, 
southeastern Georgia (Fig. 1). Three of the five study sites were 
located at Magnolia Springs State Park (MSSP). MSSP is a 379.2-ha 
area located on the Coastal Plain 8 km north of Millen, Georgia 
(81057' N, 32052l W). The fourth study site, Elam, was located off of 
U.S. Highway 25 and Elam Road, 16 km south of Millen, Georgia 
(81056' N, 32041' W). The final site, Four Points, was located off of 
Georgia Highway 121 and Elam Road 20 km south of Millen, Georgia 
(81059' N, 32o40' W). 
The three sites at MSSP (MSSP A, MSSP B, and MSSP C), all 
dominated by oak-pine forest, were similar in habitat structure and 
composition. These forests contained mature pines (Pinus elliotii 
and P. taeda) (some greater than 80 cm in diameter) and a high 
diversity of oak species (Quercus falcata, Q. laevis, Q. laurifolia, Q. 
margarretta, Q. marilandica, Q. nigra, Q. virginiana). MSSP is 
prescribed burned on a three-year cycle and was last burned 2.5 yr 
prior to this study. The three sites at MSSP were separated by 1-2 
km. A dirt road separated sites A and C, and several fire breaks 
separated sites A and B. 
8 
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Figure 1. Location of the sites used during this study in Jenkins County, Georgia. 
1 0 
Coverboards at MSSP A were set out on 18 October 1996. This 
site was on a slight slope that increased in elevation from west to 
east. The closest body of water was 1 km to the west. This pond 
was located at the base of a large sinkhole adjacent to a small 
natural spring. Coverboards at MSSP B were set out on 24 January 
1997. This site was relatively flat and located about 2 km east of 
the pond. MSSP B was generally more xeric than MSSP A and C, and it 
contained abundant lichens in some areas. The coverboards at MSSP 
C were set out on 15 April 1997. This site slightly increased in 
elevation from east to west and was adjacent (<1 m) to the pond. 
The coverboards at Elam were set out on 11 April 1997. This 
site was a flat, low-lying area adjacent to a small creek. This 
creek, a 3.2 km tributary that flows northeast into Sculls Creek, 
dried during late May 1997 because of low rainfall and filled again 
in September 1997. The habitat at the Elam site was second-growth 
forest dominated by P. elliotii, P. taeda, Q. nigra, Q. margarretta, and 
Liquidambar styraciflua. 
The coverboards at Four Points were set out on 21 April 1997. 
This site sloped east to west from an area of second-growth pines 
(P. elliotii, P. palustris, P. taeda) and small hardwoods (Liquidambar 
styraciflua , Nyssa sylvatica, Q. falcata, O. nigra) into a temporary 
wetland dominated by Osmunda cinnamomea, O. regalis, Woodwardia 
areolata, Pteridium aquilinum, and mature pine and hardwood 
species (listed above). The wetland dried during late May 1997 and 
filled again in September 1997. 
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Study Grids and Coverboards 
Each site consisted of two 1-ha grids (Fig. 2). One of the grids 
contained only unmanipulated natural debris (logs, limbs, etc.); the 
other grid contained natural debris and 100 individually numbered 
coverboards each placed 10-m apart. The two grids were separated 
by a 20-m buffer. The coverboards used in this study were 
nontreated sheets of CDX plywood measuring 30.4 x 30.4 x 2 cm (or 1 
ft x 1 ft x 0.75 in). 
During the spring (26 April - 6 June) and fall (25 September - 
7 November) of 1997, the paired grids (coverboards and natural 
cover) were checked every 1-2 wks at each site for any salamander 
species (termed a site check). Although date of sampling varied 
among sites, paired coverboard and natural grids were always 
checked on the same day. When checking the coverboard grids for 
salamanders, all boards were lifted and the areas once covered were 
then examined. All salamanders seen were identified, measured 
(SVL), and (for P. glutinosus only) categorized as either an adult or a 
juvenile. P. glutinosus that were < 5.5 cm were classified as 
juveniles, while salamanders > 5.5 cm were classified as adults 
(Highton 1956). It took one person approximately one hour to check 
100 coverboards. No natural objects were turned on coverboard 
grids. 
On the adjoining grids, natural cover objects were checked in 
the same manner as the coverboards. When any limb or log was 
encountered it was lifted, and the area once covered was examined 
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for salamanders. To make searches of the natural grids comparable 
to the coverboard grids, the search was complete when either 100 
natural objects were lifted or when 1 hr of searching had elapsed. 
In practice, these two criteria resulted in approximately the same 
search effort. 
Abiotic Characteristics 
Weekly rainfall and temperature (minimum and maximum) for 
the study period were compiled through the Georgia Forestry 
Commission (Statesboro District Office) for Millen, Georgia. The 
Millen District Office was located 10-35 km east of the study sites. 
These data were used to compare weekly rainfall and temperature 
with the mean number of salamanders found under coverboards and 
natural cover. 
To compare the thermal microclimates of coverboards and 
natural cover, temperature data loggers (Hobo Temp Data Loggers) 
were placed under two coverboards and two natural cover objects at 
MSSP B (covering the same surface area as the coverboards) (Mueller 
and Rakestraw 1995). In each case, the coverboard and natural 
object were no more than 1 m apart. Data were recorded for one 
month during August 1997. 
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Statistical Analysis 
The assumption of a normal distribution was not met for the 
variables used in these tests. Therefore the statistical analyses 
were conducted using nonparametric tests. 
The Wilcoxon Signed-Ranks Test was used to test for 
differences in encounter rate of salamanders (n=52 site checks of 
paired grids) under coverboards versus natural cover as well as 
differences between coverboards and natural cover at each site 
(MSSP A, n=11; MSSP B, n=11; MSSP C, n=10; Four Points, r)=11; Elam, 
n=9). The Kruskal-Wallis Test was used to compare the overall 
number of salamanders encountered among sites. A nonparametric 
2-way ANOVA was used to evaluate the effects of season and type of 
cover on number of salamanders (fall, n=21 and spring, n=31). A 
nonparametric 2-way ANOVA was used to test the size of 
salamanders encountered under each condition during the spring and 
fall and to determine if there was an interaction. The Wilcoxon 
Signed-Ranks Test was used to test for differences in encounter 
rate of Slimy Salamanders under coverboards versus natural cover 
(n=52). The Mann-Whitney Test was used to test the difference in 
mean SVL of Slimy Salamanders under each condition. The Kruskal- 
Wallis Test was used again to compare the mean SVL of P. g. 
ocmulgee among sites (coverboards, n=28 and natural cover, n=81). 
1 5 
Spearman's rank correlations were used to quantify the 
association between salamander numbers and weekly rainfall and 
temperature, as well as salamander numbers and time (week of 
study). 
All tests were conducted using JMP Statistical Discovery 
Software (SAS Institute Inc. 1995) with all a values equal to 0.05. 
Chapter 3 
RESULTS 
Species Composition 
Overall.- Four salamander species of two genera were 
encountered under coverboards: Plethodon glutinosus ocmulgee, 
Eurycea cirrigera, E. quadridigitata, and E. guttolineata. Five species 
of three genera were encountered under natural cover: P. g. ocmulgee, 
E. cirrigera, E. quadridigitata, E. guttolineata, and Ambystoma 
opacum. 
The most abundant salamander was the Slimy Salamander (P. g. 
ocmulgee). They were encountered 156 times (over 89% of the 
individuals encountered), 32 times under coverboards and 124 times 
under natural cover (Table 1). The number of Slimy Salamanders 
encountered under natural objects per site check was significantly 
greater than the number encountered under coverboards (Wilcoxon 
Signed-Ranks Test X2= 17.67, df=1l P<0.001). 
The next most abundant salamander (8% of the encounters) 
was E. cirrigera. This salamander was encountered nine times under 
coverboards and five times under natural cover (at Four Points only). 
E. guttolineata and E. quadridigitata were each encountered one 
time under coverboards and natural cover. A. opacum was 
encountered once under natural cover only (at Four Points). 
1 6 
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Among Sites.- Salamander species richness varied among sites 
(Table 2). P. g. ocmulgee was encountered at each site under both 
coverboards and natural cover. P. g. ocmulgee was the only 
salamander species observed at MSSP A, MSSP B, and Elam under 
both coverboards and natural cover. P. g. ocmulgee and E. 
guttolineata were encountered at MSSP C under coverboards and 
under natural cover. P. g. ocmulgee, E. cirrigera, and E quadridigitata 
were encountered under coverboards at Four Points while P. g. 
ocmulgee, E. cirrigera, E quadridigitata, and A. opacum were 
encountered under natural cover at Four Points. 
Salamander Encounter Rates 
Overall.- Each study site was sampled 11 times except for 
MSSP C (n=10) and Elam (n=9) (Table 3). Thus, there was a total of 
52 site checks, during each of which 100 coverboards and 
approximately 100 natural objects were lifted. Salamanders 
belonging to five species were encountered 175 times. A total of 43 
encounters (24.6% of the total; under 42 different coverboards) was 
under coverboards; 132 encounters (75.4%) were under natural cover 
objects. A mean of 2.3 (± 0.34 SE) salamanders was encountered per 
site check under natural cover (range 0-11), while a mean of 0.8 
(± 0.15 SE) salamanders per site check was encountered under 
coverboards (range 0-4) (Fig. 3). Significantly more salamanders 
were encountered per site check under natural cover than under 
coverboards (Wilcoxon Signed-Ranks Test X2=16.9, df=1, P<0.001). 
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Among Sites.- Salamander encounter rates differed 
significantly among sites (Kruskal-Wallis A'2=15.13, df=4, P=0.01) 
(Fig. 4). There were significantly more encounters under natural 
cover than coverboards at the three MSSP sites: MSSP A (Wilcoxon 
Signed-Ranks Test X2=8.21, df=1, P<0.01), MSSP B (Wilcoxon Signed- 
Ranks Test X2=13.91, df=1, P<0.001), and MSSP C (Wilcoxon Signed- 
Ranks Test X2=4.04, df=1, P=0.04). There were no differences at 
Elam (Wilcoxon Signed-Ranks Test X2=1.26, df=1, P=0.26) and Four 
Points (Wilcoxon Signed-Ranks Test X2=0.66, df=1, P=0.41). 
Between Seasons.- There was no difference in number of 
salamanders encountered during spring or fall (H=1.22, df=1, P=0.3) 
(Fig. 5). There was also no interaction between season and type of 
cover (H=2.37, df=1, P=0.15). Thus, the tendency to encounter more 
salamanders under natural cover was consistent across seasons. 
Size of Salamanders 
Because it is possible that salamanders of different 
ages/sizes may occupy coverboards, the snout-vent length (SVL) of 
109 P. g. ocmulgee encounters were measured from coverboards 
(n=28) and natural cover (n=81). There was no difference in mean 
SVL between salamanders encountered under coverboards (4.32 cm ± 
0.22 SE) and those encountered under natural cover (4.34 cm ± 0.33 
SE) (Mann-Whitney X2<0.01, df=1, P=1.0). P. g. ocmulgee were the 
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same size/age under coverboards and natural cover. There were also 
no differences in P. g. ocmulgee SVL among sites (Kruskal-Wallis 
X2=8.07, df=4, P=0.08) (Fig. 6). 
The mean SVL of P. g. ocmulgee (whether encountered under 
coverboards or natural cover) did not differ between seasons 
(H=0.96, df=1, P=0.2). There was also no interaction between season 
and type of cover (H=0.361 df=1, P=0.6) (Fig. 7). 
"Colonization" of Coverboards 
Salamanders were observed under coverboards at each site 
during the first site check. MSSP A was set out 27 weeks prior to 
the first site check, MSSP B 14 weeks, MSSP C 3 weeks, Four Points 
1 week, and Elam 3 weeks. Furthermore, there was no tendency for 
the number of salamanders under coverboards to increase through 
time (rs=-0.15 df=1, P=0.30) (Fig 8). 
Comparison of Physical Properties 
Rainfall.- There was a positive correlation between weekly 
rainfall and mean number of salamanders encountered under 
coverboards (rs=0.26 df=1, P=0.009) and natural cover (rs=0.38 df=1, 
P=0.006). There was also a positive correlation between daily 
rainfall and mean number of salamanders under coverboards (rs=0.19 
df=1, P=0.04) and natural cover (rs=0.33 df=1, P=0.02). 
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Temperature.- There were no correlations between daily 
maximum temperature (rs=-0.14 df=1, P=0.59) or daily minimum 
temperature (rs=-0.06 df=1, P=0.82) and the mean number of 
salamanders encountered under coverboards. There was, however, a 
negative correlation between daily maximum temperature and the 
mean number of salamanders encountered under natural cover 
(rs= -0.66 df=1, P=0.004). There was no correlation between daily 
minimum temperature and the mean number of salamanders 
encountered under natural cover (rs=-0.31, df=1, P=0.15). 
Daily temperature fluctuations were greater under coverboards 
than under natural cover (Fig. 9). Temperature under coverboards 
fluctuated dramatically (19.5-290C) while the temperature 
fluctuation under natural cover was minimal (22-24.90C) and had a 
lag time (i.e. reached peak temperature later than coverboards) 
before heating or cooling. The mean temperature under coverboards 
was 23.40C (± 2.1 SD) while the mean temperature under natural 
cover was 23.20C (± 0.9 SD). 
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Chapter 4 
DISCUSSION 
Despite their abundance, salamanders have received far less 
study than many other terrestrial vertebrates (such as birds). In 
part, this is related to the difficulty of sampling salamanders. To 
overcome this problem, a number of sampling techniques have been 
established to monitor salamander populations. Some methods are 
expensive, labor intensive, can cause injury to individuals, and may 
only sample certain salamander species (Dodd and Scott 1994). 
Other methods, which require search teams, produce results that 
may prove difficult to compare among collectors due to the variation 
in the efficiency of each observer (Crump and Scott 1994). 
Coverboards have the potential to overcome many of these problems 
because they provide an easy and standardized method to sample 
many woodland salamander species. However, questions remain 
concerning the effectiveness of coverboards. Therefore, this study 
compared coverboards to searches under natural cover as a method 
to monitor the terrestrial activity of salamanders. 
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Species Composition. 
At the most general level, I wanted to know whether 
coverboards sampled the same salamander species as natural cover 
objects. Coverboards detected salamanders from four species (from 
two genera) compared to the five species (from three genera) 
encountered under natural cover. Coverboards did a good job of 
detecting most of the species that I found under natural cover in 
this study. Thus, coverboards seem adequate to detect the 
salamander species that normally can be encountered under natural 
surface objects in southeast Georgia. Although coverboards require 
time and effort to place in a habitat, if disturbance of natural cover 
is an important consideration, coverboards are probably a good tool 
for qualitative assessment of salamander species composition. 
Only Ambystoma was found under natural cover but undetected 
by coverboards. However, only one individual was found under 
natural cover, and the well-known fossorial habits of Ambystoma 
make both coverboards and natural cover inefficient at sampling 
these salamanders. For example, Grant et al. (1992) showed that 
drift fences captured 548 individual Ambystoma (including A. 
talpoideum and A. opacum), compared to only seven individuals found 
under coverboards. 
Salamander Encounter Rates 
Although coverboards were effective in sampling most of the 
same species as natural cover, encounter rates were significantly 
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lower than under natural cover. This pattern did not vary among 
seasons, but did vary among sites. The ratio of salamanders found 
under coverboards to those found under natural cover varied from 
1:6.7-1.4:1 among sites. This study showed that, depending on the 
site, coverboards usually detect fewer salamanders than natural 
cover but can detect more. This seemed to happen at sites where 
natural cover objects suitable for salamanders were less available. 
For example, at Four Points there were more salamander encounters 
under coverboards than under natural cover, and at Elam there was 
no significant difference in number of salamanders encountered 
under coverboards and natural cover. Both of these sites are covered 
by relatively young forest that may have had less time to produce 
natural ground debris that are adequate for woodland salamanders. 
Future studies may need to evaluate whether salamander encounter 
rates under coverboards vary with the amount, size, and degree of 
decay of adjoining natural cover objects. 
Comparison of Physical Properties 
The generally poorer performance of coverboards might be 
attributable to the fact that they do not reproduce the same physical 
characteristics as natural cover objects. That environmental 
characteristics are important is illustrated by the fact that 
salamander encounters during this study increased with rainfall. 
During rains, salamanders presumably forage and look for mates 
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(during the breeding season). This probably increases the chance of 
an encounter under coverboards (as well as natural cover). 
Although encounter rates were related to rainfall, they were 
not related to air temperature. There was no relationship between 
air temperature and encounter rates under coverboards. This was 
not surprising, because the site checks occurred during the spring 
and fall of 1997 when temperatures only exceeded 31.90C twice and 
the mean temperature was 20.4oC. 
Temperature under cover objects probably was important to 
salamanders. The Hobo temperature data loggers showed that 
coverboards are poor at maintaining steady ground temperatures. 
Compared to natural cover, temperature under coverboards 
fluctuates dramatically. Natural cover probably maintains more 
moisture and provides greater insulation, which reduces the daily 
temperature fluctuations. Natural cover is also rounded which 
allows rain to easily saturate the soil under the natural cover 
objects. Unlike natural cover, the moisture under coverboards is 
minimal. Even after several inches of rain, the soil beneath 
coverboards was usually dry. 
Overall my results suggest that 30.4 x 30.4 x 2 cm coverboards 
do not provide microclimates that are representative of the 
microclimates under natural cover. Thicker boards, by providing 
greater insulation, might create microclimates more similar to 
natural cover. For example, Fellars and Drost (1994), in an 
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evaluation of coverboards with a range of thicknesses (0.5-10-cm 
thick), found that 5-cm-thick boards attracted the largest number of 
salamanders. These thicker boards may mimic natural 
microclimates better than the 2-cm boards used in this study. 
Salamander Accumulation Under Coverboards 
This study showed that salamanders colonize coverboards 
quickly. Coverboards that were set out 27 weeks (MSSP A) and 14 
weeks (MSSP B) prior to the first site check had no more 
salamanders than the coverboards that were set out three weeks 
(MSSP C and Elam) and one week (Four Points) prior to the first site 
check. This result implies that coverboards are an adequate short- 
term monitoring tool. However, it remains possible that salamander 
numbers under coverboards may increase over the very long term. As 
coverboards begin to decay they may more effectively reproduce the 
microclimate of natural cover and attract more salamanders. 
Size 
Regardless of encounter rates, it is possible that coverboards 
produce a biased sample of the local salamander community. For 
example, adult P. g ocmulgee have established territories. Because 
juveniles must disperse and establish their own territories, it is 
possible that juvenile salamanders would be encountered more often 
under coverboards than adults. However, size of P. g. ocmulgee did 
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not differ between coverboards and natural cover in my study. There 
was no evidence that coverboards produced a biased sample with 
respect to age. 
Summary 
My study represents the first comparative study to quantify 
salamanders sampled by an array of coverboards and that sampled by 
an adjacent grid of natural cover objects. This is also the first 
study to compare the thermal microclimates between coverboards 
and natural cover. Although salamanders encountered under 
coverboards are comparable to those encountered under natural 
cover in terms of species and size/age, overall encounter rates were 
lower. Coverboards do not reproduce the thermal microclimate of 
natural cover objects. 
LITERATURE CITED 
Allaby, M. 1994. The concise Oxford dictionary of ecology. Oxford 
University Press. New York. 415 pp. 
Blaustein, A. R., and Wake, D. B. 1990. Declining amphibian 
populations: A global phenomenon? Trends in Ecology and 
Evolution 5:203-204. 
Blaustein, A. R., and Wake, D. B. 1995. The puzzle of declining 
amphibian populations. Scientific American 272:52-57. 
Blaustein, A. R., Wake, D. B., Sousa, W. P. 1993. Amphibian declines: 
judging stability, persistence, and susceptibility of populations 
to local and global extinctions. Conservation Biology 8:60-71. 
Blaustein, A. R., Hoffman, P. D., Hokit, D. G. Kiesecker, J. M., Walls, S. 
C. and Hays, J. B. 1994. UV repair and resistance to solar UV-B 
in amphibian eggs: a link to population declines? Proceedings of 
the National Academy of Science 91:1791-1795. 
Brodie, E.D., Jr. Nowak, R.T., and Harvey, W.R. 1979. The effects of 
antipredator secretions and behavior of selected salamanders 
against shrews. Copeia 2:270-274. 
Burton, T. M., and Likens, G. M. 1975. Salamander populations and 
biomass in the Hubbard Brook Experimental Forest, New 
Hampshire. Copeia 3:541-546. 
Campbell, G. S., and Christman, S. P. 1982. Field techniques for 
herpetofaunal community analysis. Pp.193-200 In N. J. Scott, 
Jr. (ed). Herpetological Communities. U.S. Department of the 
Interior, Fish and Wildlife Research Report No. 13. 
37 
38 
Crump, M. L. and Scott, N. J. Jr. 1994. Visual encounter surveys. Pp. 
84-92 In Heyer, W. R., Donnelly, M. A., McDiarmid, R. W., Hayek, L. 
C., and Foster, M. S. (eds), Measuring and monitoring biological 
diversity: Standard methods for amphibians. Smithsonian 
Institute Press, Washington, D. C. 
DeGraaf, R.M., and Yamaski, M. 1992. A nondestructive technique to 
monitor the relative abundance of terrestrial salamanders. 
Wildlife Society Bulletin 20:260-264. 
Dodd, C. K. Jr. and Scott, D. E. 1994. Drift fences encircling breeding 
sites. Pp. 125-130 In Heyer, W. R., Donnelly, M. A., McDiarmid, R. 
W., Hayek, L. C., and Foster, M. S. (eds), Measuring and monitoring 
biological diversity: Standard methods for amphibians. 
Smithsonian Institute Press, Washington, D. C. 
Drost, C. A., and Fellars, G. M. 1996. Collapse of a regional frog 
fauna in the Yosemite area of the California Sierra Nevada, USA. 
Conservation Biology 10:414-425. 
Ernst, C. H., and Barbour, R. W. 1989. Snakes of eastern North 
America. George Mason University Press, Fairfax, Virginia. 282 
pp. 
Fellers, G. M. and Drost, C. A. 1994. Sampling with artificial cover. 
Pp. 146-150 In Heyer, W. R., Donnelly, M. A., McDiarmid, R. W., 
Hayek, L. C., and Foster, M. S. (eds), Measuring and monitoring 
biological diversity: Standard methods for amphibians. 
Smithsonian Institute Press, Washington, D. C. 
Fisher, R. N., and Shaffer, H. B. 1996. The decline of amphibians in 
California's Great Central Valley. Conservation Biology 10: 
1 387-1 397. 
Frost, D. R. (ed.). 1985. Amphibian species of the world: A 
taxonomic and geographical reference. Association of 
Systematics Collections, Lawrence, Kansas. 
39 
Grant, W. G., Anton, D. T., Lovich, J. E., Mills, A. E., Philip, P. M., and 
Gibbons, J. W. 1992. The use of coverboards in estimating 
patterns of biodiversity. Pp. 379-403 In Wildlife 2001. 
Elsevier, London, United Kingdom. 
Gibbons, J. W., and R. D. Semlitsch. 1982. Terrestrial drift fences 
with pitfall traps: An effective technique for quantitative 
sampling of animal populations. Brimleyana 7:1-16. 
Hairston, N. G. 1949. The local distribution and ecology of the 
plethodontid salamanders of the southern Appalachians. 
Ecological Monographs 19:47-73. 
Highton, R. 1956. The life history of the slimy salamander, 
Plethodon glutinosus, in Florida. Copeia 2:75-93. 
Jaeger, R. G. 1972. Food as a limited resource in competition 
between two species of terrestrial salamanders. Evolution 
53:535-546. 
Jaeger, R. G. 1980. Microhabitats of a terrestrial forest 
salamander. Copeia 2:265-268. 
Laurance, W. F., McDonald, K. R., Speare, R. 1996. Epidemic disease 
and the catostrophic decline of the Australian rain forest frogs. 
Conservation Biology 10:406-413. 
Means, D. B., Palis, J. G., Baggett, M. 1996. Effects of slash pine 
silviculture on a Florida population of flatwoods salamander. 
Conservation Biology 10:426-437. 
Merchant, H. 1972. Estimated population size and home range of the 
salamanders Plethodon Jordan1 and Plethodon glutinosus. 
Journal of the Washington Academy of Sciences 62:248-257. 
Mueller, J. M., and Rakestraw, D. L. 1995. Evaluation of a new 
miniature temperature logger. Herpetological Review 26:22-23. 
40 
Pechmann, J. K., Scott, D., Semlitsch, R. D., Caldwell, J. P., Vitt, L. J., 
and Gibbons, J. W. 1991. Declining amphibian populations: the 
problem of separating human impacts from natural fluctuations. 
Science 253:892-895. 
Pounds, J. A. and Crump, M. L. 1994. Amphibian declines and climate 
disturbance: The case of the golden toad and the harlequin frog. 
Conservation Biology 8:72-85. 
SAS Institute Inc. 1995. JMP Statistics and Graphic Guide, Version 
3.1. SAS Institute Inc. Gary, North Carolina. 
Spotila, J. R. 1972. Role of temperature in the ecology of lungless 
salamanders. Ecological Monographs 42:95-125. 
Zug, G. R. 1993. Herpetology: an introductory biology of amphibians 
and reptiles. Academic Press, New York, New York. 527 pp. 
